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Description 



[METHOD OF ASSESSING POTENTIAL FOR 
CHARGING DAMAGE IN SOI DESIGNS 
AND STRUCTURES FOR ELIMINATING 
POTENTIAL FOR DAMAGE] 

Background of Invention 
[0001] Field of the Invention. 

[0002] The present invention generally relates to protection cir- 
cuitry and more particularly to a method and structure 
that includes a shunt device between the source/drain and 
gate of SOI transistors which may develop a voltage dif- 
ferential between the source/drain and gate during wafer 
fabrication. The shunt device eliminates the potential for 
charging damage from processing. 

[0003] Description of Related Art. 

[0004] one problem that exists when designing integrated cir- 
cuits with silicon-over-insulator (SOI) transistors relates 
to the detection of which SOI transistors may be suscepti- 



ble to charging damage, and to providing protection once 
such a susceptible device is identified. In SOI it is not pos- 
sible to "tie down" a floating gate in the traditional sense, 
such as by adding a diode connection to the substrate or 
nwell. SOI technologies are inherently less susceptible to 
charging damage because both the source/drain and the 
gate tend to have similar antennae, so the potential of 
both nodes varies together. This is not, however, certain 
in all cases. The invention described below is designed to 
detect and modify the integrated circuit design to elimi- 
nate the possibility of charging damage. 
Summary of Invention 

[0005] jhe invention provides a method of altering an integrated 
circuit design having silicon over insulator (SOI) transis- 
tors. The invention prevents damage from a potential dif- 
ference between the source/drain and gate of SOI transis- 
tors by tracing electrical nets in the integrated circuit de- 
sign, identifying SOI transistors that may have a voltage 
differential between the source/drain and gate as poten- 
tially damaged SOI transistors (based on the tracing of the 
electrical nets), and connecting a shunt device across the 
source/drain and the gate of each of the potentially dam- 
aged SOI transistors. In addition, the invention can also 



connect compensating antennae to each of the nodes to 
balance the charging and eliminate the potential for dam- 
age. 

[0006] The shunt device and the compensating conductor elimi- 
nate the potential for charging damage to the gate of each 
of the potentially damaged SOI transistors. The tracing 
process is performed assuming all metals and diffusions 
are conductive. The tracing, the identifying, and the con- 
necting processes are repeated at each level of wiring 
within the integrated circuit design. 

[0007] The invention compares aspect ratios of vias connected to 
the source/drain and the gate of each of the SOI transis- 
tors to determine whether a voltage differential might ex- 
ist between the source/drain and the gate. Alternatively, 
the invention can compare chip locations of conductors 
connected to the source/drain and the gate of each of the 
SOI transistors to determine whether a voltage differential 
might exist between the source/drain and the gate. Also, 
the invention can compare parasitic capacitances of con- 
ductors connected to the source/drain and the gate of 
each of the SOI transistors to determine whether a voltage 
differential might exist between the source/drain and the 
gate. 



[0008] The foregoing process produces a protection circuit for an 
integrated circuit device that includes silicon over insula- 
tor (SOI) transistors and has a shunt device connected 
from the source/drain to the gate of at least one of the 
SOI transistors. The structure can also include a compen- 
sating conductor connected to one or the other or both of 
the source/drain or gate of the susceptible device through 
a series device. The series device and the compensating 
conductor eliminate the potential for charging damage 
between the source/drain and the gate of the SOI transis- 
tor. Further, the shunt and the series devices perform no 
function other than eliminating the potential for charging 
damage. The shunt and series device could be, for exam- 
ple, an FET connected as a diode. 

[0009] The shunt device should be positioned in parallel with the 
SOI transistor. Thus, the shunt device can be positioned 
between a first conductor connected to the source/drain 
of the SOI transistor and a second conductor connected to 
the gate of the SOI transistor. Alternatively, the series de- 
vice can be positioned between a first conductor con- 
nected to the SOI transistor and a second conductor that 
is not connected to the SOI transistor. Also, the invention 
can further include a second shunt device, wherein the 



shunt device is connected to a first conductor and the 
second shunt device is connected to a second conductor, 
where the first conductor is connected to the source/drain 
of the SOI transistor and the second conductor is con- 
nected to the gate of the SOI transistor. 
[0010] These, and other, aspects and objects of the present in- 
vention will be better appreciated and understood when 
considered in conjunction with the following description 
and the accompanying drawings. It should be understood, 
however, that the following description, while indicating 
preferred embodiments of the present invention and nu- 
merous specific details thereof, is given byway of illustra- 
tion and not of limitation. Many changes and modifica- 
tions may be made within the scope of the present inven- 
tion without departing from the spirit thereof, and the in- 
vention includes all such modifications. 
Brief Description of Drawings 

[0011] The invention will be better understood from the following 
detailed description with reference to the drawings, in 
which: 

[0012] Figure 1 is a schematic diagram of a SOI circuit; 
[0013] Figure 2 is a schematic diagram of a SOI circuit with a 



shunt; 

[0014] Figure 3 is a schematic diagram of a SOI circuit with series 
devices; and 

[0015] Figure 4 is a flow diagram illustrating a method of the in- 
vention. 
Detailed Description 

[0016] The present invention and the various features and ad- 
vantageous details thereof are explained more fully with 
reference to the nonlimiting embodiments that are illus- 
trated in the accompanying drawings and detailed in the 
following description. It should be noted that the features 
illustrated in the drawings are not necessarily drawn to 
scale. Descriptions of well-known components and pro- 
cessing techniques are omitted so as to not unnecessarily 
obscure the present invention in detail. The examples 
used herein are intended merely to facilitate an under- 
standing of ways in which the invention may be practiced 
and to further enable those of skill in the art to practice 
the invention. Accordingly, the examples should not be 
construed as limiting the scope of the invention. 

[0017] As mentioned above, even SOI design structures produce 
the possibility of charging damage. For example, it is 
possible to create a differential antenna by the arrange- 



ment of vias within the metal line. Vias placed in narrow 
metal lines have a larger aspect ratio than vias placed well 
within large metal plates, and may therefore charge to a 
different potential when exposed to a plasma. This occurs 
in either via-first or trough-first processes, although the 
specific sensitive process then varies. If the gate and 
source/drain have different via/metal configurations, then 
charging damage can occur. 

[0018] jo address this problem, the invention traces electrical 

nets assuming that metals and diffusions (even when they 
are cut by an FET gate) are conductive, determines the 
characteristics of the charge-collecting antennas on each 
node of each FET, assesses the potential for charging 
damage on each device. Where appropriate, a shunt de- 
vice and/or a compensating antenna, perhaps connected 
through a series device, is placed to eliminate the poten- 
tial for charging damage. 

[0019] M 0re specifically, the vias on each node (gate and source/ 
drain) of each FET are categorized and counted. The 
source and drain of each transistor have the same poten- 
tial during the processing. Therefore, the source and drain 
are considered synonymous in this application and are 
sometimes referred to herein as a single unit using the 



terminology "source/drain." The conductive connections 
to the gate and source/drain are identified as either a 
high-aspect ratio or low-aspect ratio via by examining 
their shapes and locations with respect to the edge of the 
metal wire. The effective net on each node is determined 
by considering all FETs to be conductive (this is a realistic 
assumption as there is large leakage from each source/ 
drain to the floating well, particularly under the typical 
processing conditions of elevated temperature and in the 
presence of photons). If the two nodes are in fact on the 
same net (assuming conductive FETs) then the device is 
not considered to be subject to damage. The potential for 
charging damage is assessed by considering how different 
and how large the antennas on the two nodes are. If the 
possibility of damage is considered to be too large, then a 
shunt device may be inserted from gate to source/drain, 
the antenna on one or the other of the nodes may be re- 
designed to balance the charging, or an additional dummy 
antenna may be added to one or the other node to bal- 
ance the design. The dummy antenna may be connected 
with an otherwise non-functional transistor as a "series 
device." 

[0020] During processing, the ultimate circuit configuration is 



not complete, so at each level of wiring (Ml, M2, etc.) the 
charging situation is re-assessed. The total number of 
nodes to be examined reduces as higher levels of wiring 
are considered, until there is effectively only one single 
node at the final wiring level. Various degrees of refine- 
ment are possible, depending on the specifics of the par- 
ticular technology. For example, the damage may be ob- 
served to occur only on devices of a particular type, and in 
a particular configuration. One such example is that 
"thick"(>2nm) pfets with high-aspect ratio vias on the 
gate node may be the only susceptible configuration, and 
all others may be safely ignored. 
[0021] Figure 4 shows of the invention in flowchart form. More 
specifically, Figure 4 shows that the invention prevents 
damage from current flow between the source/drain and 
gate of SOI transistors by tracing electrical nets in the in- 
tegrated circuit design 40, identifying SOI transistors that 
may have a voltage differential between the source/drain 
and gate as potentially damaged SOI transistors 42 (based 
on the tracing of the electrical nets), and connecting a 
shunt device to one of the source/drain and the gate of 
each of the potentially damaged SOI transistors 44. In ad- 
dition, the invention can also connect compensating con- 



ductors to the potentially damaged transistor, possibly 
through series device 46. The series device and the com- 
pensating conductor eliminate the potential for charging 
damage between the source/drain and the gate of each of 
the potentially damaged SOI transistors. As mentioned 
above, the tracing process is performed assuming all met- 
als and diffusions are conductive. Further, the tracing, the 
identifying, and the connecting processes are repeated at 
each level of wiring within the integrated circuit design. 
[0022] The invention uses a number of different processes to de- 
termine whether a voltage differential may exist between 
the source/drain and gate of each SOI transistor. For ex- 
ample, the invention compares aspect ratios of vias con- 
nected to the source/drain and the gate of each of the SOI 
transistors to determine whether a voltage differential 
may exist between the source/drain and the gate. As 
mentioned above, the physical design of the conductive 
shapes that are connected to the gate and source/drain 
are compared to determine if such conductive shapes will 
act in similar manners as antennae with respect to charge 
accumulation. This can be accomplished using any con- 
ventional shapes processing program. Therefore, the in- 
vention obtains the length, width, height, etc. dimensions 



of the various conductors from the conventional shapes 
processing program and compares these different shapes. 
For example, a via embedded in a long thin metal wire will 
have different antenna characteristics than a via within a 
wide plate. If the shapes are not balanced, the charge ac- 
cumulation is not likely to be balanced. 
[0023] | n addition, the invention can compare chip locations of 
conductors connected to the source/drain and the gate of 
each of the SOI transistors to determine whether a voltage 
differential may exist between the source/drain and the 
gate. Again, using any conventional integrated circuit 
model program the location, direction, length, etc. of the 
conductors connected to the gate and to the source/drain 
are compared to determine whether their different posi- 
tions within the chip (or circuit) would cause a voltage dif- 
ferential. Further, the proximity of other conductive lines 
is considered by the invention. Therefore, other conduc- 
tive lines that are within a predetermined proximity 
(and/or that carry a predetermined voltage level) will be 
considered to leak a certain predetermined percentage of 
the voltage to the conductor in question. Also, the inven- 
tion can compare parasitic capacitances of conductors 
connected to the source/drain and the gate of each of the 



SOI transistors to determine whether a voltage differential 
may exist between the source/drain and the gate. Thus, 
the invention uses any conventional parasitic capacitance 
calculator to determine the parasitic capacitance of a con- 
ductor connected to the gate and compares this parasitic 
capacitance to a conductor connected to the source/drain. 
[0024] For example, Figure 1 illustrates a potentially damaged 

SOI transistor 10 that has its gate connected to a plate via 
14 and its source/drain connected to a trench via 12 (or 
vice versa). As mentioned above, the invention identifies 
this SOI transistor 10 as having the potential to be dam- 
aged because charge accumulation on the plate via 14 will 
be substantially different than the trench via 12 because 
the long narrow shape of the trench via-antenna 12 pro- 
vides a greater antenna effect and will accumulate a more 
positive potential than will the plate via-antenna 14. As 
shown in Figure 2, the invention adds a shunt device 20 
connected to either the source/drain or gate. The shunt 
device is, for example, a diode-connected transistor that 
has its gate tied to its source. The structure can also in- 
clude a compensating conductor 30 connected through an 
additional series device 36 as shown in Figure 3. Also, the 
invention can add more series devices 32 and potentially 



more conductive features 34, if needed, in order to bal- 
ance the charging effects. 

[0025] As shown in Figure 2, the shunt device should be posi- 
tioned in parallel with the SOI transistor. Thus, the shunt 
device can be positioned between a first conductor con- 
nected to the source/drain of the SOI transistor and a sec- 
ond conductor connected to the gate of the SOI transistor. 
Alternatively, a series device can be positioned between a 
first conductor connected to the SOI transistor and a sec- 
ond conductor (e.g., 30, 34) that is not connected to the 
SOI transistor. Also, the invention can further include ad- 
ditional series devices (e.g., 32, 36), wherein the first se- 
ries device is connected to a first conductor and the sec- 
ond series device is connected to a second conductor, 
where the first conductor is connected to the source/drain 
of the SOI transistor and the second conductor is con- 
nected to the gate of the SOI transistor. 

[0026] once the susceptible devices are identified by the tracing 
program, the designer may choose the most appropriate 
means of eliminating the potential for damage. For exam- 
ple, a very large damage-susceptible device may be read- 
ily protected by the addition of a shunt device, where the 
additional leakage across the shunt device will not affect 



normal circuit operation. For locations where the leakage 
is unacceptable, a compensating antenna may be added. 
Additional capacitive load is the penalty for this approach. 
For locations where neither leakage nor capacitive load is 
acceptable to the normal circuit operation, connection of 
the compensating antenna through the series device is the 
best option. 

[0027] The additional conductive features 30, 34 and series de- 
vices 32, 36 shown in Figure 3 are merely exemplary de- 
vices added by the application. These examples primarily 
add the series devices and conductive features to balance 
the antenna affects due to via configuration differences. 
Series devices and conductive features may be added to 
compensate for other differences such as proximity of 
conductive lines, uneven positioning within the chip, etc. 
In addition, other devices such as large FETs can be added 
to compensate for other unbalances, including parasitic 
capacitance. The compensating devices and conductive 
shapes are added to the circuit to eliminate the potential 
for charging damage between the source/drain and the 
gate of the SOI transistor. Further, these devices and 
compensating structures perform no function other than 
eliminating the potential for charging damage. The inven- 



tion provides rapid design flow from the checking algo- 
rithm and repair options provided, increased flexibility in 
choice of processes and tooling that might damage less 
robustly designed products, and improved reliability and 
yield in damage-free SOI products. 
[0028] while the invention has been described in terms of pre- 
ferred embodiments, those skilled in the art will recognize 
that the invention can be practiced with modification 
within the spirit and scope of the appended claims. 



